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ABSTRACT
By using the effective field theory approach, we investigate the role of initial condition
for the dark energy or modified gravity models. In details, we consider the constant
and linear parametrization of the effective Newton constant models. Firstly, under the
adiabatic assumption, the correction from the extra scalar degree of freedom in the
beyond ΛCDM model is found to be negligible. The dominant ingredient in this setup
is the primordial curvature perturbation originated from inflation mechanism, and the
energy budget of the matter components is not very crucial. Secondly, the iso-curvature
perturbation sourced by the extra scalar field is studied. For the constant and linear
model of the effective Newton constant, there is no such kind of scalar mode exist.
For the quadratic model, there is a non-trivial one. However, the amplitude of the
scalar field is damped away very fast on all scales. Consequently, it could not support
a reasonable structure formation. Finally, we study the importance of the setup of
the scalar field starting time. By setting different turn-on time, namely a = 10−2 and
a= 10−7, we compare the cosmic microwave background radiation temperature, lensing
deflection angle auto-correlation function as well as the matter power spectrum in
the constant and linear model. We find there is an order of O(1%) difference in the
observable spectra for constant model, while for the linear model, it is smaller than
O(0.1%).
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1 INTRODUCTION
On large scales of our universe, the cosmic structure
density inhomogeneity is much smaller than unity. Hence,
inhomogeneity growth could be well described by the cos-
mic linear perturbation theory. For this dynamical system,
there are two essential ingredients, namely gravitational in-
stability and initial conditions. For the gravitational insta-
bility, the gravity force acts on all the matter components
in the universe and drives matters to form cosmic structure.
And the initial conditions come from the mechanism in the
extreme early universe, such as the cosmic inflation epoch.
In the concordance model of cosmology, the gravity is de-
scribed by the General Relativity (GR) and the primordial
Initial Condition (IC) is modeled by a spatial power law
parametrization which physically comes from the curvature
perturbation in single field inflation paradigm.
? E-mail: liuxuewen14@itp.ac.cn
One of central problems in the modern cosmology is
cosmic acceleration, i.e. the phase of accelerated expansion
recently entered by the Universe Riess et al. (1998); Perl-
mutter et al. (1999). Now we are still lack of a satisfactory
theoretical explanation for this. Within the framework of
General Relativity, an accelerated expansion phase could be
achieved by adding an extra ingredient in the energy bud-
get, commonly referred to as Dark Energy (DE). It could
be static, as in the cosmological constant model (ΛCDM),
or dynamical. Alternatively, one could also construct mod-
els which modify the laws of gravity on the large scales in
order to achieve self-accelerating solutions in the presence of
negligible matter which is called ‘modified gravity’ (MG).
With the ongoing and upcoming surveys, such as
c© 2017 The Authors
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Planck 1, SDSS 2, DES 3, LSST 4 and Euclid 5, we shall
anticipate a wealth of high precision large scale structure
data. Hence, it is crucial to test the laws of gravity via
a model independent method against the evolution of lin-
ear cosmological perturbations. In this work we apply the
effective field theory (EFT) approach to the phenomenon
of cosmic acceleration Gubitosi et al. (2013); Bloomfield
et al. (2013). Based on a parametrized action, EFT offers
a unified and model-independent framework for perform-
ing agnostic tests of gravity and accurately exploring most
of the viable models of cosmic acceleration. Any model of
DE/MG which introduces a single extra scalar field and
allows for a well defined Jordan frame, could be mapped
exactly into the EFT language, without the need of ap-
proximation. In a further leap towards observations, this
framework has been implemented into the linear Einstein-
Boltzmann solver CAMB/CosmoMC 6 Lewis et al. (2000); Lewis
& Bridle (2002), resulting in the powerful patches EFT-
CAMB/EFTCosmoMC which are introduced in Hu et al. (2014b);
Raveri et al. (2014); Hu et al. (2014a, 2015); Hu & Raveri
(2015) and publicly available 7. A similar code, namely
hi_class Bellini & Sawicki (2014); ZumalacA˜ ↪arregui et al.
(2016) based on class Blas et al. (2011), is also publicly
released 8.
In this paper, we apply the EFTCAMB/EFTCosmoMC
code performing the following calculation. The EFT-
CAMB/EFTCosmoMC fully exploit the unifying nature of the
EFT formalism, and provide a highly accurate and efficient
setup to test gravity on the linear cosmological scales. Model
independent parametrizations as well as specific models of
DE/MG could be explored in EFTCAMB/EFTCosmoMC, without
the need of specializing the set of perturbed equations to the
case under study. The equations in EFTCAMB/EFTCosmoMC are
indeed implemented in the EFT language, without the use of
any quasi-static approximation. Several models of DE/MG
are already implemented in the publicly available version
of EFTCAMB, including f (R) gravity Hu et al. (2016), Horˇava
gravity Frusciante et al. (2016), etc.
According to their “thermal dynamical” properties, the
initial conditions could be classified into two categories,
namely adiabatic and iso-curvature/entropy modes. For the
former, it is based on the assumption that, the relative abun-
dances of different particle species were determined directly
from the Lagrangian describing local physics, one would ex-
pect those abundance ratios to be spatially constant because
all regions of the universe would share an identical early
history, independent of the long wavelength perturbations.
The entropy of the universe is conserved and the primordial
curvature perturbation setup the initial conditions. In con-
trast, if in one or more matter components particles were
created or annihilated, the entropy modes are able to domi-
nate the early-time evolution which are also dubbed as iso-
1 http://sci.esa.int/planck
2 http://www.sdss.org
3 http://www.darkenergysurvey.org
4 http://www.lsst.org
5 http://sci.esa.int/euclid
6 http://camb.info
7 http://www.eftcamb.org
8 http://www.thphys.uni-heidelberg.de/~zumalacarregui/
hi_class.html
curvature mode. As the source of entropy mode varies, they
could be further specified as CDM iso-curvature, baryon
iso-curvature, neutrino velocity iso-curvature modes Ma &
Bertschinger (1995); Perrotta & Baccigalupi (1999); Bucher
et al. (2000), etc. Recent observations, such as Planck Ade
et al. (2016b), favor the adiabatic mode produced by the
single field inflation model.
In this paper, we are aiming to understand the role of
extra scalar field in the DE/MG model in the determination
of initial conditions. We try to answer two questions: how to
set the adiabatic mode and is there exist an extra scalar field
iso-curvature mode. The rest of the paper is organized in the
following ways. In section 2, the algorithm of deriving both
the adiabatic and iso-curvature modes in the EFT formalism
with corresponding model setup will be present. In section
3, the CMB and matter spectra results is shown. Finally, the
conclusion is drawn in section 4.
2 INITIAL CONDITIONS IN EFT APPROACH
In this section, we investigate the IC in DE/MG
models, including both adiabatic and iso-curvature modes,
within the constant and linear Ω model of the pure EFT
parametrization Hu et al. (2014b); Hu & Raveri (2015).
2.1 Model Setup and Numerical Algorithm
The EFT action for the background operators in the
unitary gauge reads
S =
∫ √−g
{
m20
2
[1 +Ω(τ)]R+Λ(τ)−a2c(τ)δg00 + · · ·
}
+Sm,
(1)
where m0 is the Planck mass and the sub-script “m” stands
for all the rest regular cosmic components. The scalar field
hidden in the gauge field could be reproduced by a time-
shift, namely Stu¨ckelberg trick: τ → τ + pi(x). In the EFT
language, we could find that the only operators which are
involved into the background evolution are, Ω(τ), c(τ) and
Λ(τ). Hence, we get the following two relationships with the
background Hubble parameter and its first time derivative.
It means that, for a fixed background evolution, such as the
ΛCDM one, only one of them could be chosen as an extra
free function in the model parametrization
H 2 =
a2
3m20(1 +Ω)
(ρm + 2c−Λ)−H Ω˙1 +Ω , (2)
H˙ =− a
2
6m20(1 +Ω)
(ρm + 3Pm)− a
2(c+Λ)
3m20(1 +Ω)
− Ω¨
2(1 +Ω)
, (3)
where the dot represents the derivative with respect to the
conformal time.
As a widely used cosmological model, the non-
minimally coupled gravity models could be simply
parametrized by the cosmological effective Newton constant
or Ω function9. In this paper, we consider the constant Ω
models (Model 1)
Ω(τ) =Ω0, (4)
9 Geff = (1 +Ω(τ))GN with 8piGN = 1/m20.
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and the linear Ω models in term of the scale factor a (Model
2)
Ω(τ) =Ω0a . (5)
As pointed out in Hu & Raveri (2015), the constant Ω
model is not just a simple redefinition of the gravitational
constant. The requirement of having a ΛCDM background
with a non-vanishing Ω, that would change the expansion
history, which indicates a scalar field is sourced to compen-
sate this change. The scalar field could then interact with
the other matter fields and modify the behavior of cosmo-
logical perturbations, consequently change the CMB power
spectra and the growth of structure. For instance, in the con-
stant Ω model, c(τ), which is vanishing in general relativity,
is non-zero and reads c = Ω(ρm +Pm)/2. More interestingly,
this model shares some similarity with the extended Brans-
Dicke model Lima & Ferreira (2016), namely the deviation
of the effective Newton constant on the cosmological scale
from those on the earth, is not vanishing in the radiation
epoch, when we assign the ICs. This hints that the modifi-
cation to gravity is not a late-time phenomena, it originate
from early epoch.
For the linear Ω models, it is in the contrary. Since Ω
decays along the arrow of back of time, the linear Ω model
approximate General Relativity in the early time. So, by
definition, these two models capture different modifications
of gravity essentially. In the following, we exam the influence
of the modification of ICs on the observables.
Firstly, we list the dynamical equations of the cosmic
fluids, the metric field as well as the extra scalar field on the
super-horizon regime in the radiation epoch when setting
up the ICs of the Einstein-Boltzmann solver. At this epoch,
photons (γ) and baryons (b) are tightly coupled with each
other via the Thomson scattering process, and forms a single
plasma with θb = θγ , where (δi,θi,σi) denote for the density
contrast, velocity potential and anisotropic energy stress of
the “i” component
δ˙γ +
4
3
θγ +
2
3
h˙ = 0 , θ˙γ − 14 k
2δγ = 0, (6)
δ˙b +θb +
1
2
h˙ = 0, θ˙b +
a˙
a
θb = 0. (7)
The massless neutrinos (ν) behave similar to photons except
that they could develop the anisotropic stress
δ˙ν +
4
3
θν +
2
3
h˙ = 0, θ˙ν − 14 k
2(δν −4σν ) = 0 ,
σ˙ν − 215 (2θν + h˙+ 6η˙) = 0. (8)
The cold dark matter (c) only gravitationally interacts with
other cosmological components and is treated as pressure-
less perfect fluid. Usually we set our reference co-moving
with cold dark matter
δ˙c =−12 h˙, θc = 0, (9)
where the η and h are the metric scalar perturbations in the
synchronous gauge. Finally, the modified Einstein equations
are
η˙ =
2a2∑ρmθm
3k2(1 +Ω)
+
1
H0(1 +Ω)
{(2a2 · c−H Ω˙+ Ω¨)pi + Ω˙p˙i},
(10)
h˙ =
2
G
(
k2η
H
+
a2∑ρmδm
2H (1 +Ω)
+
L
H0
), G = 1 +
Ω˙
2H (1 +Ω)
, (11)
L =
1
2H (1 +Ω)
{Ω˙pi(3H˙ − k2)−3H Ω˙pi−3H Ω˙pi
+ 2(p˙i−2H pi)a2 · c}. (12)
and the Klein-Gorden equation for the pi field reads
A = a2 · c+ 3Ω˙
2
4(1 +Ω)
, B = a2 · c˙+ 4aa˙ · c+ Ω˙
4(1 +Ω)
(4a2 · c
+ 6H Ω˙+ 6Ω¨+ 3
a¨
a˙
Ω˙), C = a2H · c˙+ 2a2(3H 2−H˙ ) · c
+
3
2
(H¨ −2H 3)Ω˙, D = a2 · c+ 3Ω˙
4(1 +Ω)
,
E = (
a2 · c
2
+
3Ω˙2
8(1 +Ω)
)h˙− a
2Ω˙
4(1 +Ω)
ρmδm
Ap¨i +Bp˙i +Cpi + k2 ·Dpi +H0 ·E = 0. (13)
Up to now, we complete the dynamical quantities
δγ , δν , δb, δc, θγ , θν , θb, θc, σν , pi, h, η (14)
and their equations (6-13).
The next step is to set up their initial values and solve
the equations. We Taylor expand each of the above physical
quantities in terms of kτ, which is much smaller than unity in
the radiation epoch. It will turn the above linear differential
equation set into a series of linear algebraic equation set.
And we ask the coefficients at each order of kτ vanish.
Following this procedure, we reduce our task into solv-
ing a linear algebraic equation problem with multiple de-
grees of freedom. However, physically, we have only single
parameter per “k” mode from the early universe, such as the
amplitude of the conserved curvature perturbation from in-
flation. In order to bridge the gap between them, we need
to specify some constraint relationship among the dynami-
cal quantities, which are classified in terms of “adiabatic” or
“iso-curvature” perturbation modes. We will discuss these in
the following sub-section.
2.2 Adiabatic mode
For global observers, such as the one co-moves with the
matter fluid, the universe what he/she observed is a per-
turbed one with respect to the FLRW solution. However, in
the vicinity of the small patches of the universe, one could
always be able to find a local observer, who feels living in
a non-perturbed FLRW background. The differences among
the local observers are the local expansion rate H (τloc) and
spatial curvature K (τloc). This statement is always true, as
long as the Birhkoff theorem is valid, no matter what kind
of initial conditions are.
Moreover, as pointed out in Baumann’s lecture note10,
if the perturbation is adiabatic, such as the one predicted
10 Cosmology, Part III Mathematical Tripos, http://www.damtp.
cam.ac.uk/user/db275/Cosmology/Lectures.pdf
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from the single field inflation model, the global perturba-
tions have the property that local state of matter at some
spacetime point (τ,x) of the perturbed universe is the same
as the background universe at some slightly different time
τ +δτ(x). Hence, in another word, the difference in the cos-
mic fluid at different places is nothing but the time delay
δρm(τ,x) = ρ¯m(τ +δτ(x))− ρ¯m(τ) = ˙¯ρmδτ(x) . (15)
The adiabatic initial condition tells us the time delay is the
same for all the matter components. This is the standard
picture in the ΛCDM case.
Furthermore, in the DE/MG models, there exists an ex-
tra dynamical scalar degree of freedom φ(τ,x). Within the
EFT language, the perturbed scalar field could also be ab-
sorbed by a time shift τ→ τ +pi(x), which is the Stu¨ckelberg
field δφ(τ,x) = φ¯(τ +pi(x))− φ¯(τ) = ˙¯φpi(x). So, we could sim-
ply generalize the above adiabatic statement including the
extra scalar field
δτ =
δρi
˙¯ρi
=
δφ
˙¯φ
= pi. (16)
The equation (16) is the major result in this sub-section.
It tells us that there is a constraint relationship among the
matter components and EFT pi field.
As argued above, for an adiabatic observer, to the lowest
order of kτ (its zeroth order), he/she could only feels the
gravitational potential well, namely the conserved curvature
perturbation on the super-horizon regime
η0 = 1 ,δγ0 = δν0 = · · ·= pi0 = 0, (17)
where the sub-script “0” denote for the expansion order in
kτ. Here we normalize the curvature perturbation into unity.
And equation (16) sets up the rules how the matter compo-
nents and pi field fall into the potential well.
2.3 pi field iso-curvature mode
In this sub-section, we consider the possible alternative
scenario to the adiabatic IC mode. This means that the pri-
mordial seed of the structure formation is not the conserved
curvature perturbation from inflation. The curvature pertur-
bation (h˙,η) during the radiation epoch is not the dominant
component to drive the structure growth. To the lowest or-
der of kτ (its zeroth order), we could set h˙ = η = 0 at the
initial time, namely “iso-curvature” mode.
From the Einstein equation (10, 11), we could conclude
that, in the ΛCDM scenario (pi vanishes), neither the energy
density nor velocity perturbations of the dominant compo-
nents (radiation=photon+neutrino) in this epoch contribute
to the metric perturbation. So, we could allow the density
or velocity perturbations of the sub-dominant components
(baryon and CDM) to seed the structure formation. So, eq.
(7,9) are the driven term of the system, namely “baryon”
or “CDM” density iso-curvature modes. Besides of these, we
notice that in the radiation epoch, it is the sum of the pho-
ton and neutrino density/velocity perturbations contribute
to the metric perturbation. Hence, there is a space for a fine
tuning among these two components, which could cancel
their contributions between each other, namely “neutrino”
iso-curvature density/velocity mode. For details, we recom-
mend the readers the classical piece of works Perrotta &
Baccigalupi (1999); Bucher et al. (2000).
However, for the DE/MG model, mathematically, there
is a possibility that the pi field equation (13) could dominate
the system. Similar to the adiabatic mode, to the zeroth
order of kτ, we set pi0 = 1 and all the rest of quantities in
(14) vanish
pi0 = 1 ,δγ0 = δν0 = · · ·= η0 = 0. (18)
3 RESULTS
3.1 Adiabatic mode
Combined with Einstein, fluid and Klein-Gorden equa-
tions, the constant Ω model gives
δγ =C
3 + 3Ω0
3 +Ω0
(kτ)2, δb = δc =
3
4
δν =
3
4
δγ , (19)
θc = 0, θγ = θb =C
1 +Ω0
4(3 +Ω0)
k4τ3, (20)
θν =C
(1 +Ω0)(23 + 4Rν + 39Ω0)
4(3 +Ω0)(15 + 4Rν + 15Ω0)
k4τ3, (21)
σν =−C 6(1 +Ω0)(1 + 3Ω0)
(3 +Ω0)(15 + 4Rν + 15Ω0)
(kτ)2, (22)
pi =−CH0 3 + 3Ω04(3 +Ω0)k
2τ3, (23)
η =−3C+ 3(5 + 4Rν −15Ω0)(1 +Ω0)
4(4Rν + 15 + 15Ω0)(3 +Ω0)
(kτ)2, (24)
where Rν is the neutrino fraction in the radiation epoch.
And the linear Ω model gives
δγ =Ck2τ2, δb = δc =
3
4
δν =
3
4
δγ , (25)
θc = 0, θγ = θb =C
1
12
k4τ3, θν =
k4τ3C(23 + 4Rν )
12(15 + 4Rν )
(26)
σν =− 2Ck
2τ2
15 + 4Rν
−2Ck2τ3 (35 + 12Rν )H0Ω0
√
Ωr
(15 + 2Rν )(15 + 4Rν )
(27)
pi =−1
4
CH0k2τ3, h =−32Ck
2τ2, (28)
η =−3C+ k2τ2C 5 + 4Rν
4(15 + 4Rν )
−5Ck2τ3 H0Ω0
√
Ωr(35 + 12Rν )
2(15 + 2Rν )(15 + 4Rν )
,
(29)
where C is a integration constant of order 10−5 which could
be calculated from the amplitude of curvature perturbation
from inflation. Equations (19-29) show the modification to
the standard matter components and metric perturbations,
start from the sub-leading order terms. The leading order
term is fixed via the adiabatic evolution request (16). As
for the pi field, its IC start from the order of H0k2τ3, which
is also sub-leading compared with the conserved curvature
perturbation from inflation, namely 3C term in η.
Physically, on the super-horizon scale, a synchronous
adiabatic observer feels his/her local patch as a primordial
gravitational potential well plus a unperturbed single mat-
ter plasma. As shown in the major panel of Figure. 1, in this
regime the important ingredient is the metric perturbation
(the red curve), the amplitude of the matter density per-
turbation is much smaller than the former. With the time
pass by, the gravity will tell the matter how to fall into the
primordial potential well.
The next step is to implement these analytical results
MNRAS 000, 1–7 (2017)
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Figure 1. The relative difference in several dynamical variables
for k = 10−3 ·Mpc−1. Here we choose the constant Ω model with
Ω0 = 0.01.
into the Einstein-Boltzmann solver. For ΛCDM cosmology,
such as CAMB Lewis et al. (2000)11, we set the ICs in the deep
radiation dominant era, namely a = 10−7. However, in the
current public version of EFTCAMB, the pi field is integrated
from a = 10−2 until a = 1. On one hand, it is valid as long as
the modification of gravity is only a late-time phenomenon,
such as the case in f (R) gravity Hu et al. (2016). Via this
trick, we are able to greatly reduce the cost of numerical in-
tegration. On the other hand, this algorithm becomes prob-
lematic if the model could not recover General Relativity in
the early time, such as the constant Ω model in this study.
Setting the ICs of pi field at the same time as the other mat-
ter species makes the EFTCAMB solver more self-consistent.
In the following, we test two different ICs. One is the
ΛCDM ICs plus (pi = p˙i = 0), the other one is obtained in
equation (19-29). In both of the cases, we start to evolve
pi field since a = 10−7.Unfortunately, we find their relative
differences are negligible, and hence leaves almost no effect
on the CMB angular and matter spectra. Again, this could
be understood via Figure. 1. Under adiabatic assumption,
the important ingredient of the cosmic dynamical system
are the primordial curvature perturbation from inflation and
the consequent dynamical equations, not the modification
to the matter density and scalar field, which is initially sub-
dominant.
Since within the EFT of DE/MG framework, we do
not change the inflation epoch, so the primordial curvature
perturbation is untouched. Then, one could only get a signif-
icant effect via changing the dynamical equations. In order
to demonstrate this, in the sub-panel of Figure. 1, we show
the relative differences of η and δCDM for k = 10−3 ·Mpc−1, in
the constant Ω model, one with ΛCDM evolution equation,
and the other with the correct EFT equations. We found
that, initially, the density of CDM is more sensitive to the
modification to the gravitational law, while the curvature
perturbation η is not. This is because the dominant term in
11 http://camb.info
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Angular Multipoles
10 3
10 2
10 1
100
101
102
C
TT
/C
TT
[%
]
Cosmic Variance
Model1
Model2
Figure 2. Relative difference in lensed TT spectrum between
EFTturnonpiInitial= 10−2 and 10−7. Model1 : Ω=Ω0 , Model2
: Ω = Ω0 · a, with Ω0 = 0.01. We also show the cosmic variance
(black curve) to stress the importance of this difference.
η during the super-horizon evolution epoch is the primordial
one from inflation not the dynamics.
So, for the adiabatic mode, the important issue is not the
modified initial values, but the modified equations. Hence, for
the models which significantly deviates from General Rela-
tivity in the radiation epoch, we need to evolve the pi field
since a = 10−7.
Since we try to estimate the importance of the setting
of pi field starting time, we calculate the CMB tempera-
ture, lensing deflection angle auto-correlation function as
well as the matter power spectrum in the constant and lin-
ear Ω model, with two different pi field starting time, namely
EFTturnonpiInitial = 10−2,10−7. The results are shown in
Figure 2-4. In order to demonstrate its effect more signifi-
cantly, we choose the Ω0 value (0.01) in the 2σ tail of the
likelihood obtained from the combination of CMB Planck
2015 Ade et al. (2016a) and BAO data Beutler et al. (2012);
Kitaura et al. (2016); Anderson et al. (2014).
The fractional difference of the lensed CMB tempera-
ture spectrum is shown in Figure. 2. We could see that for
the constant Ω model, there is an order of O(1%) difference,
while for the linear model, it is much smaller than O(0.1%),
which is close to the current data sensitivity. A similar con-
clusion could be drawn also from the CMB deflection angle
in Figure. 3 and matter spectrum in Figure. 4. Moreover,
the modification effect seems more prominent on the smaller
scales in the latter two spectra. Figure 5 plots the posterior
distribution of MG parameter Ω0 in constant Ω model using
the data mentioned above with EFTCosmoMC. It shows that
we have tighter constraint on Ω0 in the EFTturnonpiIni-
tial=10−7 case.
3.2 pi field iso-curvature mode
As for the pi field iso-curvature mode, the results are
quite model dependent. For the constant and linear Ω model,
we do not find any solution of the dynamical system (6-
MNRAS 000, 1–7 (2017)
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Figure 3. Relative difference in lensing deflection angle spectrum
between EFTturnonpiInitial= 10−2 and 10−7. Model1 : Ω=Ω0 ,
Model2 : Ω=Ω0 ·a.
10 3 10 2 10 1
k [h/Mpc]
10 3
10 2
10 1
100
101
102
P(
k)
/P
(k
)[
%
]
Cosmic Variance
Model1
Model2
Figure 4. Relative difference in non-relatistic matter power
spectrum between EFTturnonpiInitial= 10−2 and 10−7. Model1
: Ω=Ω0 , Model2 : Ω=Ω0 ·a.
13) with the initial values (18). For the quadratic Ω model,
namely Ω(a) =Ω0 ·a2, there is a non-trivial solution
δb = δc =
3
4
δν =
3
4
δγ = 4CΩ0H0Ωrτ, θc = 0, (30)
θγ = θb =
2
3
CΩ0H0Ωr(kτ)2, σν =
12
5 + 4Rν
CΩ0H0Ωrτ, (31)
θν =− 8(1−Rν )3(5 + 4Rν )CH0Ω0Ωr(kτ)
2, pi =C, (32)
h =−8CΩ0H0Ωrτ, η = (65 + 16Rν )3(5 + 4Rν ) CΩ0H0Ωrτ . (33)
However, this mode could not produce any reasonable CMB
angular and matter spectra. It is because the pi field be-
haves as a damped oscillator, whose amplitude approaches
zero very rapidly. So, the resulting spectra are several order
0.000 0.005 0.010 0.015 0.020 0.025 0.030
ΩEFT0
0.0
0.2
0.4
0.6
0.8
1.0
P
/P
m
ax
EFTturnonpiInitial=10−2
EFTturnonpiInitial=10−7
Figure 5. Posterior distribution of the effective field parameter
Ω0.
magnitudes smaller than the adiabatic one. A similar result
for the quintessence model has been reported in Perrotta &
Baccigalupi (1999).
4 CONCLUSIONS
In this paper, we aimed to build a more self-consistent
algorithm to set the initial condition in the Einstein-
Boltzmann solver of the dark energy/modified gravity
(DE/MG) models. As an example, we derived the adiabatic
initial conditions for constant and linear Ω model within
the effective field theory approach. After coding these re-
sults into the Boltzmann solver, EFTCAMB, we found these
modifications in the initial conditions compared with those
from ΛCDM are negligible on the cosmological observables.
This is due to the fact that the dominant ingredient of the
density growth in the early time is the primordial curvature
perturbation on the super-horizon regime originated from
inflation epoch. Compared with these primordial seeds, the
modification law of gravity which tells how the matter fall
into the potential well, is not very crucial. Furthermore, we
also investigate the pi field iso-curvature mode. We found
there were no pi field iso-curvature modes for constant and
linear Ω model, but the solution to quadratic Ω model exists.
However, even in the latter case, the pi field iso-curvature
mode could not produce any reasonable CMB angular and
matter spectra. It is because the pi field behaves as a damped
oscillator, whose amplitude vanishes very rapidly. Hence, the
resulting spectra are several order magnitudes smaller than
the adiabatic one.
We also discussed the importance of the setting of pi
field starting time. We compared the difference of the CMB
temperature, lensing deflection angle auto-correlation func-
tion as well as the matter power spectrum between the con-
stant and linear Ω model with two different pi field starting
time, namely a = 10−2 and 10−7. We found the difference
were ∼ O(1%) in constant model and smaller than O(0.1%)
in linear model. This is because, for the constant model, the
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modification effect of the effective Newton constant does not
diminish and the model will not recover general relativity in
the radiation epoch. In the contrast, the linear model does.
In another word, the differences in CMB and LSS observ-
ables just verified the fact that, the constant Ω model theo-
retically makes more modification to general relativity than
the linear one in the early time.
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